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During the past three decades, the Laboratory has been proactive in providing a 
seismically safe working environment for its employees and the general public. 
Completed seismic upgrades during this period have exceeded $30M with over 24 
buildings structurally upgraded. Nevertheless, seismic questions still frequently arise 
regarding the safety of existing buildings.  To address these issues, a comprehensive 
study1 was undertaken to develop an improved understanding of the seismic integrity of 
the Laboratory’s entire building inventory at the Livermore Main Site and Site 300.
The completed study of February 2005 extended the results from the 1998 seismic 
safety study2 per Presidential Executive Order 12941,3 which required each federal 
agency to develop an inventory of its buildings and to estimate the cost of mitigating 
unacceptable seismic risks. Degenkolb Engineers, who performed the first study, was 
recontracted to perform structural evaluations, rank order the buildings based on their 
level of seismic deficiencies, and to develop conceptual rehabilitation schemes for the 
most seriously deficient buildings. Their evaluation is based on screening procedures 
and guidelines as established by the Interagency Committee on Seismic Safety in 
Construction (ICSSC).4
Currently, there is an inventory of 635 buildings in the Laboratory’s Facility Information 
Management System’s (FIMS’s) database, out of which 58 buildings were identified by 
Degenkolb Engineers that require seismic rehabilitation.  The remaining 577 buildings 
were judged to be adequate from a seismic safety viewpoint. The basis for these 
evaluations followed the seismic safety performance objectives of DOE standard (DOE 
STD 1020) Performance Category 1 (PC1):5
“A major earthquake may cause significant building damage that may not 
be repairable, although it is not expected to significantly jeopardize life from 
structural collapse, falling objects, or blocked routes of entrance or egress.”
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The 58 buildings were ranked according to three risk-based priority classifications (A, 
B, and C) as shown in Figure 1-1 (all 58 buildings have structural deficiencies). Table 
1-1 provides a brief description of their expected performance and damage state 
following a major earthquake, rating the seismic vulnerability (1–10) where the number 
10 represents the highest and worst. Buildings in classifications A and B were judged 
to require the Laboratory’s highest attention towards rehabilitation, classification C 
buildings could defer rehabilitation until a major remodel is undertaken. Strengthening 
schemes were developed by Degenkolb Engineers for the most seriously deficient A 
and B classifications (15 total), which the Laboratory’s Plant Engineering Department 
used as its basis for rehabilitation construction cost estimates.6,7 A detailed evaluation of 
Building 2580, a strengthening scheme, and a construction cost estimate are pending.
Specific details of the total estimated rehabilitation costs, a proposed 10-year seismic 
rehabilitation plan, exemption categories by building, DOE performance guidelines, cost 
comparisons for rehabilitation, and LLNL reports by Degenkolb Engineers are provided 
in Appendix A. 
Based on the results of Degenkolb Engineers’ evaluations, along with the prevailing 
practice for the disposition of seismically deficient buildings and risk-based evaluations, 
it is concluded that there is no need to evacuate occupants from these 58 buildings prior 










































































Table 1-1.  Ranking of seismic deficient buildings into A, B, and C classifications.
Classification Recommended
Prioritization





(Total of 58 Buildings)1





















Very Poor 9 231, 431, 511













as funds are 
allocated.  







Does not meet 
structural PC1 
criteria.
Very Poor 8 321A, 391, 435
7 131, 166, 194, 241, 
261, 326, 327, 381C, 
2580












local damage.  
Collapse not 
likely.  Does not 
meet structural 
PC1 criteria.
Poor 6 041, 216, 217, 218, 
219, 281, 314, 315, 
316, 318, 319, 482(3), 
519, 810A, 810C, 870
5 117, 141, 165, 233, 
343, 362, 363, 365, 
515, 809A, 818A, 
826, 827A, 833, 
836B, 836D
4 174(3), 251, 255, 322, 
439(3), 481, 827C, 
827D, 827E, 865(3)
1 Rating is for the poorest rated sector in the building (some building sectors have better ratings).
2 See the reference section of this document (reference 4).
3 Seismic Evaluation not performed yet. Prioritization is based on walk through and assessment of general 
performance of building type observed in past earthquakes.
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Beginning in the 1970s following the San Fernando Earthquake, seismic mitigation efforts 
at the Laboratory concentrated on the evaluation and upgrades of buildings with higher 
hazard ratings.  Estimates of maximum peak ground accelerations with accompanying 
response spectra shapes were developed for use in these evaluations.
In the 1980s, following the magnitude 5.8 Greenville Earthquake, considerable effort 
was expended on seismic repairs and upgrades of buildings and systems.  This effort 
included structural repairs to Buildings 111, 113, 241, 311, 313, 331, 332, 381, 431, and 
the demolition of the Building 261 vault. These upgrades also included the installation 
of seismically activated gas shutoff valves, the anchoring of trailers, the installation of 
bridge-crane earthquake restraints, repair and strengthening of library shelving, elevator 
repairs, mechanical equipment tie-downs, and the development of interim seismic design 
standards, including the development of ceiling fixture and computer floor seismic design 
standards. 
During this time frame, the Laboratory also installed a free-field and building strong-
motion instrumentation network that is active today.8 Several geotechnical firms were 
contracted to develop a comprehensive understanding of seismic hazards as part of 
the Laboratory’s Seismic Safety Program.  In addition, a comprehensive independent 
review of the Laboratory’s plutonium facility (B332) was conducted under the oversight of 
the California Seismic Safety Commission.  The findings of this review led to additional 
strengthening of B332, primarily in the Increment I loft and office areas, and the 
mechanical equipment room.
In the 1990s structural upgrades were completed on buildings 235, 323, 331, 415, 493, 
873, 874, and 875. Also, efforts continued on the refinement of the Laboratory’s seismic 
design criteria  as well as the development of DOE complex-wide standards for the design 
of natural phenomena hazards. From 1996–98, the Laboratory began an inventory and 
survey of all existing owned and leased buildings to assess “life-safety” concerns as 
required by Executive Order 12941, which was the precursor to the current 2005 study. 
Based on a seismic safety viewpoint, 454 of the 562 buildings in the 1998 FIMS database 
were judged to be adequate and were classified as “exempt” from further consideration. 
This determination was based on screening procedures and guidelines as established 
by the ICSSC. The remaining 108 “nonexempt” buildings required further evaluation to 
confirm their level of seismic vulnerability and if seismic rehabilitation was required.
Since the late 1990s, the Laboratory has further refined and updated its seismic hazards 
with a completely new update of the probabilistic seismic hazard assessment for the site.9  
Beginning in 2000, seismic upgrades have been completed on buildings 141, 152, 217, 
298, and 511. Structural upgrades are under construction on buildings 113 and 321C.
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The purpose of the current study was two-fold: (1) to complete the inventory and seismic 
safety evaluation of all Laboratory buildings as begun in the Executive Order (EO) 
12941 effort of 1996 through 1998, and (2) to develop a comprehensive plan of action to 
mitigate identified seismic safety deficiencies. Appendix A provides a summary of these 
results (Tables A-1 through A-7).
To conduct this study, Degenkolb Engineers used evaluation and rehabilitation standards 
as developed by the ICSSC. Executive Order 12941 identified FEMA as the lead agency 
responsible for developing the standards for evaluation of the seismic safety of existing 
federally owned or leased buildings, and FEMA in turn charged the ICSSC with this 
responsibility. The minimum standard for evaluation and mitigation of seismic risks 
for federal government buildings is defined by ICSSC’s RP4 and RP6, “Standards of 
Seismic Safety for Existing Federally Owned or Leased Buildings.” As an update to RP4, 
RP6 incorporates new knowledge in earthquake engineering gained from research and 
observed performance of structures in recent earthquakes. It provides guidelines for the 
seismic vulnerability study and categorizes each structure based on construction type, 
size, and year built.
The primary objective of both standards (RP4 and RP6) is to reduce the life-safety 
risk to occupants and to the public. Life-safety has been established as the minimum 
performance level appropriate for federal buildings: 
“Building performance that includes significant damage to both structural and 
nonstructural components during the design earthquake, though at least some 
margin against either partial or total structural collapse remains. Injuries may 
occur, but the level of risk for life threatening injury and entrapment is low. People 
will likely be unable to reoccupy the building for continuous use until repairs are 
completed.”
The Laboratory follows DOE’s minimum seismic safety standard (DOE STD 1020) 
Performance Category 1 (PC1), which is equivalent to RP4 and RP6. Appendix A (Table 
A-4) describes PC levels 1 through 4 as specified in DOE STD 1021 for existing and 
new buildings. DOE standard 1020 provides design and evaluation criteria for structures, 
systems, and components (SSCs) while DOE STD 1021 provides the methodology 
required to determine the appropriate PC level for design or evaluation.10 
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Since 1998, the Laboratory’s current building inventory in FIMS has increased to 635.* 
Degenkolb Engineers revisited the Laboratory’s entire 635 building inventory during its 
January 2005 study.  Working closely with Laboratory personnel, they conducted onsite 
walk-downs to assess building seismic safety. They rank ordered the buildings based on 
their level of seismic deficiencies, using the risk-based priority classifications (A, B, and C), 
and developed conceptual rehabilitation schemes for the most seriously deficient. Out of the 
635 buildings, 58 were identified as requiring seismic rehabilitation with the remaining 577 
judged to be adequate from a seismic safety viewpoint (details are provided in Table A-3).
At Site 200, there are 16 buildings that rank as priority classification A and B—requiring the 
highest attention toward rehabilitation (four in classification A and 12 in classification B).  
There are 42 buildings in classification C that can defer rehabilitation until a major building 
remodel is undertaken. At Site 300, there are 14 classification C buildings (no priority 
classification A or B buildings). 
This study focused on building structural systems (non-structural deficiencies e.g., falling 
hazards were not considered). Potential non-structural hazards that may result from 
equipment and utility configuration changes are identified and mitigated through periodic 
walk-downs of Laboratory buildings. As part of the Laboratory’s ongoing seismic safety 
program, these walk-downs are performed by Plant Engineering, Mechanical Engineering, 
Hazards Control, and Associate Director Facility Managers (ADFMs). 
Degenkolb Engineers identified and developed strengthening schemes for the most 
seriously deficient buildings (priority classification A and B), which were used by Plant 
Engineering to form the basis for rehabilitation cost estimates.  Refer to Appendix A for cost 
estimates (based on June 2009 midpoint of construction). 
Concept level strengthening schemes were developed to achieve a life-safety performance 
level for an earthquake with a 10% probability of exceedance in 50 years. The basis for the 
seismic evaluations was ASCE Standard 31-02, “Seismic Evaluation of Existing Buildings” 
(formally FEMA 310). The basis for seismic strengthening is FEMA 356, “Prestandard and 
Commentary for the Seismic Rehabilitation of Buildings.”
* There are three reasons for differences in the number of buildings in FIMS: (1) definition of a 
building (e.g., currently, buildings such as 806A, 806B, and 806C are counted as three buildings, 
while in 1998 they were counted as one building), (2) buildings removed from the database 
(demolished), and (3) new buildings.
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Seismic strengthening schemes and cost estimates were developed for each sector 
within the classification A and B buildings. Sectors are seismically independent 
structures within a building. Additionally, Degenkolb Engineers provided descriptions 
of potential options for partial strengthening of the classification A and B sectors and 
buildings. The intent was to identify partial strengthening options that will decrease the 
seismic vulnerability of each building, but may not meet the life-safety performance 
level for the entire structure. The partial upgrade options are narrative and qualitative 
in nature. No sketches or calculations were performed. The goal was to identify 
opportunities where partial strengthening is practical and beneficial. Table A-1 presents 
the cost estimates for the classification A and B buildings for both the partial and full 
upgrade options.
Table A-2 presents a proposed 10-year seismic rehabilitation plan, which identifies each 
of the classification A and B buildings, the cost estimate for the full life-safety upgrade, 
the proposed funding year, and the proposed funding source.
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oCCupAnT RiSk pRioR To builDing upgRADeS
The mitigation of seismic deficiencies in existing buildings is a complex, time-consuming 
process, therefore, until there is a seismic upgrade, the question that arises is—are 
the building’s occupants safe and should they be allowed to continue to work in these 
buildings?  Unfortunately, there are no easy answers to this question: building codes are 
undeclared on this issue, and to the best of our knowledge, no definitive guidance exists. 
Furthermore, this issue is not unique to the Laboratory. 
The University of California at Berkeley has conducted comprehensive reviews of its 
facilities with regard to seismic life-safety issues, which have identified many structures 
that were rated as “poor” or “very poor”. Upgrades to these deficient buildings are 
made as funding becomes available and have been ongoing for approximately 20 or 
more years (at an estimated total cost to upgrade at $1.2B). The State of California 
has recently completed an evaluation of hospitals with respect to two levels of seismic 
safety concerns: (1) basic life-safety and (2) an enhanced requirement for continued 
functionality following a major seismic event. Again, many of these facilities were found 
to be deficient with respect to basic “life-safety” requirements as well as enhanced 
functionality requirements. The current plan calls for life-safety deficiencies to be 
mitigated by 2008 and enhanced strengthening to ensure functionality after a major 
earthquake to be completed by 2030. Because funding of these efforts has become 
a major issue, the legislature is currently considering a 5-year extension to these 
deadlines.
In both cases, decision makers were faced with the question of whether to allow 
occupants of these facilities (e.g., classrooms, administration buildings, hospital facilities) 
to continue to work in and occupy these seismically deficient buildings. In both of these 
examples, decisions were made not to require evacuation of these facilities. In part, 
these decisions were made because of the impracticality of evacuation (not enough 
classrooms or hospital facilities to allow this), but also because of risk-based, decision-
making criteria that relied heavily on the relative rarity of the seismic events, seismic 
hazard to the site, occupant exposure, and known conservatisms in the evaluation 
methods.
The Laboratory faces similar issues and constraints. Evacuation of occupants of the 
16 buildings of greatest concern would have a potentially significant impact on the 
Laboratory’s ability to carry out its core missions. That said however, the safety of 
building occupants must still be the primary factor in any risk-based decision as to 
whether or not any evacuation of these facilities should be made. The primary factors 
that should be considered in this risk-based decision making process are discussed in 
the following sections.
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Seismic Hazard to the Laboratory
A recently completed seismic hazard assessment for LLNL (Savy and Foxall, April 
2002)9 cites the Greenville Fault as the dominant seismic hazard.
“Fault systems such as the San Andreas, Hayward, and Calaveras to the west, 
are more seismically active than Greenville, and are capable of larger magnitude 
earthquakes with longer duration of strong motion and more cycles of strong 
shaking.  Nevertheless, their greater distance to the Laboratory substantially 
mitigates the ground motion levels LLNL might experience from a major 
earthquake on these faults. Furthermore, their greater distance would have the 
effect of filtering out the higher frequency components of the motion, resulting in 
lower frequency-content motions, which would be less detrimental to the majority 
of the stiff, less flexible buildings at LLNL.”
 
The Greenville Fault is a relatively inactive fault system (an order of magnitude less 
than any of the 3 faults to the west) and has only a 3% chance of producing a major 
earthquake (≥ M6.7) during the next 30 years (USGS Open-File Report 03-214),11 and 
drops to 1% chance over the next 10 years.
Because of the relatively small size of the Greenville Fault system (47 ± 24 km in 
length), the duration of strong ground motion shaking from a major earthquake has been 
estimated at 3 seconds or less. This is significant since structural collapse or heavy 
damage typically requires longer duration of strong motions, with many repeated cycles 
of strong shaking to cause sufficient damage to produce a building collapse mechanism. 
Large fault systems, such as the San Andreas Fault have estimated durations of 
strong ground motion as high as 45 seconds, which, were it not for its greater distance 
from LLNL, would be far more likely to produce sufficient damage to form a collapse 
mechanism than the shorter durations of strong ground motion typical of smaller faults 
such as the Greenville.
The 1980 Greenville Earthquake (M~5.8) produced as estimated 0.3g peak ground 
motion at the Laboratory with no structural damage to any of the 16 classification A and 
B buildings and had strong ground motion duration of less than 2 seconds.
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Seismic “Life Safety” Risk to Building Occupants
The actual seismic “life safety” risk to building occupants depends upon the following:  
• The occurrence of a major earthquake, 
• Life threatening structural building damage resulting from the event,
• Occupant exposure to the event, and 
• The likelihood of serious injury or death to occupants from structural failures. 
Degenkolb Engineers’ evaluation of the “life-safety” vulnerabilities of Laboratory buildings 
was based on the national standard “life safety” ground-motion level having a 10% 
exceedance probability in 50 years, or approximately 0.2% annually. This approach utilizes 
ground motion estimates developed by the USGS to develop response spectra for use in 
evaluation and incorporates the contribution from all relevant faults and magnitude events. 
When compared with the results of the recently completed seismic hazard assessment for 
LLNL (April 2002),9 the USGS ground motion response spectrum used in the evaluation is 
conservative.
Since earthquakes can occur at any time during the day, and any day of the week, there 
is a good chance that building occupants will not be present during an earthquake. For a 
typical workday (8:00a.m.–5:00p.m.) five days a week, there is only a 27% chance annually 
(assumes no holidays or vacations taken) that a building occupant will be present when an 
earthquake occurs.
 
Furthermore, even assuming that a major earthquake occurs while building occupants are 
present, it is unlikely that there will be a 100% chance of major structural collapse (we have 
assumed a 70% to 100% chance based on the structural vulnerability score). In addition, 
the nature of the potential structural failures that would be expected to occur in the 16 
Laboratory buildings of concern are such that only a relatively small percentage of building 
occupants (≤ 20%) might be expected to incur serious injury or death. Based on these 
considerations, the annual probability that a building occupant in one of the 16 buildings of 
greatest concern would be seriously injured or killed can be expressed as follows:
P = PE × PO × PF × PI         (Eq. 1)
where:
PE  = Annual probability of earthquake or damaging ground motion (0.2%)
PO = Conditional probability of occupants in building during event (27%)
PF = Conditional probability of structural failure given the event 
(70 to 100%)
PI = Percentage of building occupants expected to incur serious injury given 
structural failure (20%) 
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If we assume the damaging event to be the national standard “life safety” evaluation 
level earthquake of 10% exceedance probability in 50 years, the annual risk of 
serious injury or death to an occupant in one of the 16 buildings of greatest concern 
ranges annually from approximately 1 in 9,300 to 1 in 13,200. To put these risks into 
perspective, the U.S. National Center for Health Statistics suggest that the risk of death 
in the U.S. annually12 in 2003 was:
All causes 1 in 120
Diseases of the Heart 1 in 410
Cancer 1 in 510
Accidents (All) 1 in 2,900 
Automobiles 1 in 6,300
Homicides 1 in 14,500
Although Degenkolb Engineers has attempted to remove conservatism from the analysis 
used to evaluate the “life-safety” vulnerability of the 16 buildings, there are still many 
places where conservatism can be introduced. For example, ground acceleration 
evaluation levels, response spectra amplification, damping values, analysis method, 
specification of material strengths and capacities, load and importance factors, limits on 
inelastic behavior, soil-structure interaction, effective peak ground motion, and effects of 
large foundation or foundation embedment. While it is difficult to assess the effect of the 
above factors on the evaluation of existing facilities, we believe that overall, there is still 
some undefined level of conservatism in the evaluations.
Based on our consideration of all of the above factors, and numerous discussions with 
Degenkolb Engineers, it is our judgment that it is not necessary to evacuate occupants 
of the seismically deficient buildings at LLNL as we believe that the plan that is being 
developed to mitigate these risks, and the time frame to implement mitigation measures 
(≤ 10 years), is consistent with what has, and is, occurring in California in other similar 
circumstances, where no building evacuations are contemplated. 
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The tables presented in Appendix A summarize key study results and present additional 
information that formed the basis for many of the study’s conclusions. 
Table A-1. Total estimated cost (TEC) of the rehabilitation of A and B buildings 
(full, partial, and sectors). This table shows the construction cost estimates for the 
priority classification A and B buildings for various partial upgrades as well as a full 
upgrade intended to bring the deficient building into full conformance with “life safety” 
standards as defined by the ICSSC standards. Cost estimates are shown for the entire 
building and for individual building sectors (portions of the building which act structurally 
independent). These cost estimates are based on an assumed June 2009 midpoint of 
construction. 
Table A-2. Proposed 10-year seismic rehabilitation plan. This table shows a 
proposed 10-year seismic rehabilitation plan, identifying estimated upgrade costs, 
funding year, and funding sources. 
Table A-3. Building list by “exemption categories.” This table provides a listing of 
buildings at LLNL and Site 300 by “exemption categories” and a description of each 
category as defined by the ICSSC.
Table A-4. DOE 1021 seismic performance categorization guidelines. This table 
provides guidelines for the seismic performance categorization of DOE facilities.
Table A-5. Comparison of PC1 and PC2 rehabilitation costs. This table provides 
a comparison of cost estimates for a PC1 level vs. a PC2 level upgrade for those 
classification A and B buildings that are at the PC2 level. PC2 seismic rehabilitation 
costs were available on B131(hi-bay), B231, B241, and B321A/B.  These cost estimates 
are compared with the PC1 estimates in Table A-5 (note the possible wide range of 
estimated rehabilitation costs).
Table A-6. Reference list of seismic evaluation studies of “nonexempt” buildings. 
This table provides a list of evaluation reports developed by Degenkolb Engineers and 
others during the course of this study
Table A-7. Seismic evaluation, rehabilitation, and design criteria for Laboratory 
buildings. This table identifies the seismic criteria used at the Laboratory for the seismic 
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